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[57] ABSTRACT

A voltage boost circuit allows a reference input voltage to be
boosted 1n a manner that 1s less sensitive to variations 1n
power supply voltage levels, temperature, and semiconduc-
tor process used. A nominal boost voltage of approximately
1.5 volts 1s supplied, even at very low power supply volt-
ages. A boost voltage less than 1.5 volts 1s supplied down to
power supply voltages of approximately 1.8 volts.
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VOLTAGE BOOST CIRCUIT AND
OPERATION THEREOF AT LOW POWER
SUPPLY VOLTAGES

BACKGROUND OF THE INVENTION

This 1nvention relates generally to integrated circuits.
More particularly, the present invention relates to a voltage
boost circuit for an mtegrated circuit.

Boost circuits can be used when a certain voltage on an
integrated circuit 1s too low for a specific application and a
higher voltage 1s needed to obtain a desired function. For
example, for increased circuit speed an N-channel MOS
fransistor requires a higher gate-to-source voltage 1 order to
provide a higher drain-to-source current and thus the faster
output response. If the gate-to-source voltage 1s too low,
especially at low power supply voltages, the drain-to-source
current generated when the transistor is turned on 1s very
low, contributing to slow response times. Furthermore,
variations 1n semiconductor processes and temperature can
also adversely atfect circuit performance, compounding the
cifect.

What 1s desired, therefore, 1s a voltage boost circuit that
will provide the required boost voltage despite variations in
supply voltage, temperature and semiconductor process
variations.

SUMMARY OF THE INVENTION

It 1s, therefore, a principal object of the present invention
fo generate a boost voltage for certain applications 1n an
integrated circuit that can be maintained at low power
supply voltages.

According to the present invention, a voltage boost circuit
allows a reference input voltage to be boosted 1n a manner
that 1s less sensitive to variations in power supply voltage
levels, temperature, and semiconductor process used. A
nominal boost voltage of approximately 1.5 volts 1s
supplied, even at very low power supply voltages. A boost
voltage less than 1.5 volts 1s supplied down to power supply
voltages of approximately 1.8 volts.

In a preferred embodiment, the voltage boost circuit
includes a first mput for receiving a voltage input signal, a
second 1nput for receiving a control signal, an output for
providing a boosted nput signal, a first transistor having its
source/drains coupled between the second mput and the
output, a second transistor having a gate coupled to the first
input and 1ts source/drains coupled between the gate of the
first transistor and the output, a third transistor gate coupled
to the gate of the first transistor, and source/drains coupled
between the output and ground, and a fourth transistor
having a gate coupled to the first input and 1its source/drains
coupled between the gate of the first transistor and ground.

Two alternative embodiments of the voltage boost circuit
climinate one of the mputs at the price of increased power
dissipation and transistor count.

The foregoing and other objects, features and advantages
of the 1nvention will become more readily apparent from the
following detailed description of a preferred embodiment of
the mvention which proceeds with reference to the accom-
panying drawings.

BRIEF DESCIRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a first embodiment of a
boost circuit according to the present invention, as well as a
signal generator circuit;

FIG. 2 1s a diagram of the first embodiment of the boost
circuit of FIG. 1 shown as a stand-alone circuit block;
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2

FIG. 3 1s a timing diagram showing the signals associated
with the boost circuit of FIGS. 1 and 2;

FIG. 4 15 a schematic diagram of a second embodiment of

a boost circuit according to the present mnvention;

FIG. § 1s a plot of the output voltage of the boost circuit
of FIG. 4 as a function of power supply voltage;

FIG. 6 1s a schematic diagram of a third embodiment of
a boost circuit according to the present mvention; and

FIG. 7 1s a timing diagram showing the signals associated
with the boost circuit of FIG. 6.

DETAILED DESCRIPTION

Referring now to FIG. 1, circuit 10 includes a reference
and bias signal generator 12 and a voltage boost circuit 14.
Signal generator 12 can be used to generate the necessary
signals for boost circuit 14, although other signal generator
circuits can be used. Signal generator 12 has an input for
receiving the IN signal at node 16, a first output 20 for
ogenerating a BIAS control signal and a second output 22 for
ogenerating a REFIN 51gnal at node 22. The REFIN signal 1s
at least 0.8 volts and 1s the signal that 1s boosted by boost
circuit 14. Ideally, the IN, BIAS, and REFIN signals are
cither pulsed or stepped signals as will be described in
further detail below.

Voltage boost circuit 14 mcludes a first input at node 22
for receiving the REFIN voltage mput, a second mput at
node 20 for receiving the BIAS control signal, and an output
at node 18 for providing the OUT signal, which 1s the
voltage-boosted input signal. A first transistor (MS) has a
gate (control node), and a source and drain (current path)
respectively coupled between the second input at node 20
and the output at node 18. A second transistor (M6) has a
cgate coupled to the first input at node 22, and source/drains
coupled between the gate of transistor M5 (also designated
as the SAT signal on node 24) and the output at node 18. A
third transistor (M7) has a gate coupled to the gate of
transistor M3 at node 24, and a drain and source respectively
coupled between the output at node 18 and ground. A fourth
transistor has a gate coupled to the first input at node 22 and
a drain and source respectively coupled node 24 and ground.
The first and second transistors are each P-channel MOS
transistors, and the third and fourth transistors are each
N-channel MOS ftransistors.

The sizes of the transistors 1n the preferred embodiment
are as follows:

Transistor Length in Microns Width 1n Microns
M5 4.05 1.15

M6 22.9 0.8

M7 11.4 0.8

MS 20.6 0.8

It will be appreciated by those skilled 1n the art that the
transistors sized set forth above are based on a given
semiconductor process and can be changed as desired for
compatibility with other semiconductor processes. The size
of the second and fourth transistors (M6 and M8) is ideally
made substantially equal for a nominal boost of about 1.5
volts. For a greater boost voltage, the size of transistor M6
can be made smaller 1n relation to the size of transistor MS.
For a smaller boost voltage, the size of transistor M6 can be
made larger in relation to the size of transistor MS.

Referring now to FIG. 2, boost circuit 14 can be used as
a stand-alone circuit block, as long as the proper BIAS and
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REFIN signals are provided at nodes 20 and 22, respectively.
These signals are best seen in FIG. 3. The BIAS control
signal 1s a pulse or step input signal having a pulse or step
height that 1s roughly equal to the VDD power supply
voltage. A nominal power supply voltage 1s typically five
volts, 3.3 volts, or three volts. Boost circuit 14, however, 1s
designed to provide a boosted voltage at the output node 18
for VDD supply voltages as low as 1.8 volts. The REFIN
voltage mnput signal at node 22 1s a pulse or step signal
having a pulse or step height greater than or equal to about
0.8 volts. Voltages less than 0.8 volts are not recommended
since this 1s the minimum voltage needed to energize tran-
sistor M8. It will be appreciated by those skilled 1n the art,
however, that certain semiconductor processes may allow
for lower threshold voltages, with consequently lower
REFIN voltages. The OUT signal at node 18 1s shown 1n
FIG. 3 as a pulse or step signal having a pulse height equal
to the REFIN signal height plus a nominal boost voltage of
approximately 1.5 volts. Boost circuit 14 1s turned off when
the BIAS and REFIN signals are low, which also forces the
OUT signal low. The operation of boost circuit 14 1s
described 1n further detail below.

The operation of boost circuit 14 1s described referring
generally to FIGS. 1-3, and 1n conjunction generator circuit
12, at a typical supply voltage equal to three volts. When the
input signal at node 16, designated IN, is high (equal to
VDD), transistor M4 turns on supplying zero volts to the
REFIN node 22. Since P-channel transistors M2 and M3 do
not have their sources tied to VDD, there 1s a non-zero
source-to-substrate voltage associated with these devices. As
a result, nodes 20 and 24 have a voltage equal to -V, the
negative of the threshold voltage for a P-channel transistor,
which 1s approximately one volt. Transistor M6 1s used to
1solate the voltage on node 24 from the output node 18,
OUT, so that no voltage 1s transferred to the output.

When the IN input signal at node 16 goes low (zero volts),
transistor M1 turns on, followed by transistor M2, which
supplies a positive voltage to REFIN node 22. Transistor M3
then begins to sink current due to the feedback loop.
Consequently, both transistors M2 and M3 are 1n saturation
competing with each other and, as a result, supply approxi-
mately 0.9V at REFIN node 22. The BIAS node 20 raises to
just below VDD due to the non-zero source-to-substrate
voltage on P-channel transistor M2. Furthermore, as the
REFIN signal at node 22 changes from zero volts to about
0.9 volts, transistors M8 and MS start to conduct. This raises
the output node 18, turning on transistor M6 and generating
a feedback loop, which helps to pull down the output voltage
at node 18. At this point, transistors M6 and M8 are
competing with each other to obtain the appropriate voltage
on OUT node 18, which 1s approximately 1.5V higher than
the REFIN signal at node 22.

To return to the initial conditions, the nput signal IN at
node 16 goes high for a second time, and the BIAS Voltage
at node 20 drops back to -V, The REFIN node 22 i1s
orounded via transistor M4 turning on, which turns off
transistors M35, M6 and MS8. Consequently, the voltage
trapped on the SAT node 24 1s coupled into the gate of
transistor M7, pulling the output node 18 to ground.

Simulations show that boost circuit 14 functions properly
at a minimum VDD power supply voltage of about 1.8 volts
to a maximum VDD power supply voltage of about five
volts, or even higher 1f desired for a particular application.

Referring now to FIG. 4, a second embodiment 30 of the
boost circuit 1s shown 1n which the source of transistor M5

1s coupled directly to the VDD power supply voltage. In this
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embodiment, boost circuit 30 has a single REFIN mput 22
and a single OUT output node 18. Boost circuit 30 1s
desirably used to translate a single mput DC voltage nto a
boosted output voltage at node 18. Note again, that the
REFIN mput voltage 1s 1deally greater than or equal to 0.8
volts.

Referring now to FIG. 5, a DC—DC simulation plot
shows the boosted voltage at node 18 as a function of the

VDD supply voltage 26 plotted from zero to five volts, for
a REFIN DC mput voltage of about 0.8 volts. The curve

labeled 18 represents the output voltage of boost circuit 30,
and the curve labeled 26 represents the VDD supply voltage
decreasing from five volts to zero volts. Note that the
nominal output voltage of boost circuit 30 1s about 2.5 volts,
and decreases slightly until a VDD power supply voltage of
about two volts 1s reached. A boosted voltage 1s still possible
down to a power supply voltage of about 1.8 volts, or even
lower. Eventually the boost function becomes 1noperable for
extremely low power supply voltages, wherein the output
voltage at node 18 essentially tracks the VDD power supply
voltage.

In FIG. 4, the transistor type, size, and circuit topology are
the same as for the boost circuit 14 shown 1n FIG. 1. The sole
exception 1s that the source ofP-channel transistor M3 is
coupled directly to a source 26 of the VDD power supply

voltage, thus eliminating the BIAS control signal and input
shown 1n the boost circuit 14 of FIG. 1.

A third embodiment of the present invention 1s shown 1n
schematic form m FIG. 6. Boost circuit 40 1s a switchable
boost circuit having a single input that can be used with
stepped or pulse REFIN signals at node 22. Boost circuit 40,
however, has a drawback 1n that the circuit continuously
draws current regardless of the level of the REFIN voltage
at node 22. The extra power consumption may limit the
applications suitable for boost circuit 40. For three volt VDD
operation, the source current 1s approximately 30 uA when
REFIN 1s at zero volts and 40 uA when REFIN 1s one volt.
As the reference voltage 1s mcreased, the magnitude of the
source current peaks at a reference voltage of about 1.5
volts, and then decreases. It 1s appreciated by those skilled
in the art that the exact value of this source current will
change somewhat with differences in semiconductor pro-
cessing.

The boost circuit 40 shown in FIG. 6 has an extra
P-channel transistor, M9, which forces the output node 18,
designated OUT, low when the mput signal REFIN 1s low.
The size of transistor M9 is about 5.1 by 0.8 microns. The
gates of transistors M3 and M9 are coupled together and the
current paths of transistors M3 and M9 are coupled 1n series
between the power supply voltage at node 26 and the output
node 18. Otherwise, the remaining circuit topology, transis-
tor types and sizes are the same as for boost circuit 30 shown

in FIG. 4. The step REFIN and OUT waveforms associated
with boost circuit 40 are shown i1n FIG. 7.

Having described and 1illustrated the principle of the
invention 1n a preferred embodiment thereof, 1t 1s appreci-
ated by those having skill 1n the art that the invention can be
modified 1 arrangement and detail without departing from
such principles. For example, while the sizes of the transis-
tors have been specified 1n detail, other sizes can be used as
required to accommodate other semiconductor processes
and layout spacings. I therefore claim all modifications and
variations coming within the spirit and scope of the follow-
ing claims.
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I claim:
1. A voltage boost circuit comprising:

a first mput for receiving a voltage mput signal;
a second 1mput for recerving a control signal;
an output for providing a boosted 1nput signal;

a first transistor having a control node, and a current path
coupled between the second 1nput and the output;

a second transistor having a control node coupled to the
first mput, and a current path coupled between the
control node of the first transistor and the output;

a third transistor having a control node coupled to the
control node of the first transistor, and a current path
coupled between the output and ground; and

a fourth transistor having a control node coupled to the
first mput and a current path coupled between the
control node of the first transistor and ground.

2. A boost circuit as 1n claim 1 1 which each of the first

and second transistors comprise a P-channel MOS transistor.

3. A boost circuit as 1n claim 1 1n which each of the third
and fourth transistors comprise an N-channel MOS transis-
tor.

4. A boost circuit as 1n claim 1 in which the size of the
second and fourth transistors 1s substantially equal.

5. Aboost circuit as 1 claim 1 1n which the control signal
comprises a pulse or step signal having a pulse or step height
substantially equal to a power supply voltage.

6. A boost circuit as 1 claim 5 1n which the power supply
voltage level for providing a boosted output voltage 1s at
least 1.8 volts.

7. A boost circuit as 1n claim 1 1n which the voltage input
signal comprises a pulse or step signal having a pulse or step
height greater than or equal to about 0.8 volts.

8. A voltage boost circuit comprising:

an 1nput for receiving a voltage mput signal;
an output for providing a boosted 1nput signal;

a first transistor having a control node, and a current path
coupled between a source of power supply voltage and
the output;

a second transistor having a control node coupled to the
input, and a current path coupled between the control
node of the first transistor and the output;

a third transistor having a control node coupled to the
control node of the first transistor, and a current path
coupled between the output and ground; and

a fourth transistor having a control node coupled to the
mnput and a current path coupled between the control
node of the first transistor and ground.
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9. A boost circuit as 1n claim 8 1n which each of the first
and second transistors comprise a P-channel MOS transistor.
10. A boost circuit as 1n claim 8 1n which each of the third

and fourth transistors comprise an N-channel MOS transis-
tor.

11. A boost circuit as 1n claim 8 1n which the size of the
second and fourth transistors i1s substantially equal.

12. Aboost circuit as 1n claim 8 1n which the power supply
voltage capable of providing a boosted output voltage 1s at
least 1.8 volts.

13. A boost circuit as in claim 8 1n which the voltage input
signal 1s greater than or equal to about 0.8 volts.

14. A voltage boost circuit comprising;:

an 1nput for receiving a voltage mnput signal;
an output for providing a boosted 1nput signal;
a first transistor having a control node and a current path;

a second transistor having a control node and a current
path, wherein the control nodes of the first and second
transistors are coupled together, and the current paths
of the first and second transistors are coupled 1n series
between the output and a source of supply voltage;

a third transistor having a control node coupled to the
input, and a current path coupled between the control
node of the first transistor and the output;

a fourth transistor having a control node coupled to the
control node of the first transistor, and a current path
coupled between the output and ground; and

a fifth transistor having a control node coupled to the input
and a current path coupled between the control node of
the first transistor and ground.

15. Aboost circuit as 1n claim 14 1n which each of the first,
second, and third transistors comprise a P-channel MOS
fransistor.

16. A boost circuit as in claim 14 1n which each of the
fourth and fifth transistors comprise an N-channel MOS
fransistor.

17. A boost circuit as 1 claim 14 1n which the size of the
third and {ifth transistors 1s substantially equal.

18. A boost circuit as 1 claim 14 1n which the size of the
third transistor 1s about 22.9 by about 0.8 microns and the
size of the fifth transistor 1s about 20.6 by about 0.8 microns.

19. A boost circuit as 1n claim 14 1n which the power
supply voltage capable of providing a boosted output volt-
age 1s at least 1.8 volts.

20. A boost circuit as 1n claim 14 1n which the voltage

input signal has a step or pulse height of greater than or equal
to about 0.8 volts.



	Front Page
	Drawings
	Specification
	Claims

